Study on Hydrogen Production Potential Utilizing Leachate from Aerobic Bio-Leaching Bed Fed with Napiergrass and Kitchen Waste  by Cheng, Sheng-Shung et al.
 Energy Procedia  29 ( 2012 )  72 – 81 
1876-6102 © 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Canadian Hydrogen and Fuel Cell Association.
doi: 10.1016/j.egypro.2012.09.010 
World Hydrogen Energy Conference 2012 
Study on Hydrogen Production Potential Utilizing Leachate 
from Aerobic Bio-Leaching Bed Fed with Napiergrass and 
Kitchen Waste 
Sheng-Shung Cheng a,b*,  Yu-Chieh Chaoa, Son-Chi Wonga, Chang-Chun Chena, 
Keng-Hao Yanga, Ya-Fei Yanga 
aDepartment of Environmental Engineering, National Cheng Kung University, No.1, University Rd., East District, Tainan City, 
Taiwan 
bSustainable Environment Research Center(SERC), National Cheng Kung University, No.500, Sec.3, An-Ming Rd., Annan District, 
Tainan City, Taiwan 
Abstract 
Cellulose hydrolysis is rate-limiting step in bioprocess and a long hydraulic retention time is necessary for microbial 
digestion in anaerobic digester. Solid-State fermentation is suitable for fungi growth and can accumulate cellulolytic 
enzymes. Accordingly, a total working volume of 90-L with 5-layers aerobic bio-leaching bed(ABLB) which 
introduced aerobic fungi and bacteria was adopted to facilitate the hydrolysis of napiergrass and hydrogen production 
potential was evaluated in this study. Napiergrass was chopped into 1~2 cm and mixed with kitchenwaste, compost as 
nutrient supplement and inoculum respectively. The crisscrossed mixture was packed and pH controlled tap water 
was flowed through each layer. One through leaching was performed in the 1st Run, and the contact time of leachate 
with biomass was 2.2 hr. Cellulose conversion efficiency was 27%. As the contact time increased to 21hr in 2nd Run, 
cellulose conversion efficiency also improved to 50%. In order to increase the contact time, leachate was recirculated 
for 7 days in 3rd Run. At a contact time of 212 hr, 66% cellulose conversion efficiency was achieved. The residue and 
the leachate after ABLB treatment revealed improvement of hydrogen production potential in subsequent batch test. 
DGGE fingerprint showed Candia, Fusarium, Aspergillus were sustained in the reactor. 
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1. Introduction 
Cellulosic biomass is an emerging energy source because the issue of fossil fuel depletion and 
starvation problems resulted from food-based biofuel technology in recent years. Nevertheless, cellulosic 
materials consist of lignin, hemicellulose and cellulose, forming a compact structure which is difficult to 
be utilized by microbes directly. As a result, pretreatment is always an important step for biologically 
conversion of lignocellulose into ethanol, butanol or other biofuels like biogas. Physical, chemical and 
enzymatic pretreatments are proposed to disintegrate cellulosic materials effectively before fed into 
microbial process[1-3]. High pressure and temperature is always the condition for physical pretreatment 
and sulfuric acid or sodium hydroxide is necessary for chemical pretreatment[4, 5]. The efficiency of 
enzymatic pretreatment depends greatly on the amount and purity of the hydrolyzing enzymes. All of 
these factors make pretreatment of lignocellulose a significant cost sink in the whole biofuel process.  
Lignin in the cellulosic biomass was crisscrossed with cellulose. Therefore, the appearance of lignin 
greatly reduced the bioavailability of cellulose and hemicellulose. Recently, some researchers adopted 
lignin modification enzymes to enhance the bioavailability and the biogas yield can be further 
enhanced[1]. Fungi was reported to be a potential lignin degrader because the production ability of lignin-
modifying enzymes such as lignin peroxidase(EC 1.11.1.14), manganese peroxidase(EC 1.11.1.13), 
versatile peroxidase(EC 1.11.1.16), laccase(EC 1.10.3.2) etc.[6, 7] Fungal enzymes were secreted in order 
to obtain more substrate and growth factors during solid-state fermentation. As a result, the enzyme 
activity obtained in solid-state fermentation of fungal species was higher than liquid fermentation 
systems[8, 9]. Besides, the solid-state fermentation with a limited water activity less than 0.8 can provide 
growth niche for fungal community[10]. Therefore, this study was focus on the biological pretreatment of 
lignocellulosic materials, which adopt aerobic fungi to hydrolyze lignocellulose to the extent that 
microbes can utilize for hydrogen production. The performance and fungal diversity of this aerobic 
bioleaching bed were also investigated.  
2. Materials and Methods 
2.1. Substrate 
Napiergrass(NG) was chosen as substrate in this study. Harvested napiergrass provided by Tainan 
livestock research institute was chopped into 1 ~2 cm length for further use. The characteristics of 
napiergrass were listed in Table 1. The total solid in napiergrass was about 23% and most of the solid was 
carbohydrate. Total carbohydrate can achieve 0.74 g/g-dry NG and 0.32 g cellulose /g- dry NG was 
monitored. Nitrogen content was only about 0.011 g/g-dry NG. These indicated that napiergrass was a 
suitable substrate for biohydrogen. The carbon over nitrogen ratio(C/N) in napiergrass was 53, which was 
higher than the normal value in aerobic compost system contributing the advantages to fungal growth. 
Kitchen waste (KW) was collected by Tainan EPA and was mixed with napiergrass as feed stock of 
aerobic bio-leaching bed. The total COD in KW was about 1.53 g/g-dry TS and the C/N ratio was 46 as 
shown in Table 1. High concentration of lactate(6% dry weight) and acetate(2% dry weight) were 
monitored in KW and was attributed to the humid and sultry weather condition in Taiwan. 
2.2. Inoculum 
Kitchen waste compost was used as inoculum in ABLB. The compost was taken form Cheng-Chi-Li 
kitchen waste collect center, Tainan. The composting process was controlled by using 6 PFR tanks. 1 
portion of kitchen waste and 4 portions of woody debris were mixed and aerated periodically in each tank 
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for one week. After 6 weeks, the mature compost was dried in the sun for days before packing for 
horticulture. The production yield in Cheng-Chi-Li kitchen waste collect center was about 25 tons per 
month. In the composting process, temperature increased to 75~80 degree Celsius in tank 3 or tank 4. 
After the thermophilic period, the temperature dwindled and gradually approached maturity. The 
microbial population dynamics in each tank was monitoring by plate counting. The population of 
heterotrophic aerobic bacteria was around 108 CFU/g-dry compost in all 6 tanks. However, the amount of 
heterotrophic fungi was decreasing from 108 to 106 during the whole composting process.  
Table 1 Characteristics of Napier Grass from Tainan Livestock Research Institute. 
Characteristic Unit Napier Grass Tainan KW 
Solid 
Water content % 77 ± 4 88 ± 2 
Density g/cm3 ~ 1  0.93 ± 0.07 
TS % 23 ± 4 12 ± 1 
TVS % 21 ± 4 11 ± 1 
SS -  -  8.9 ± 0.7 
VSS - ġ - ġ  8.5 ± 0.8 
Carbohydrate 
total g/g-TS 0.74 ± 0.06 0.4 ± 0.2 
solid g/g-TS 0.7 ± 0.06 0.2 ± 0.1 
soluble g/g-TS 0.04 ± 0.01 0.21 ± 0.1 
Reducing sugar g/g-TS N.D. 0.04 ± 0.06 
Cellulose g/g-TS 0.32 ± 0.05 ġ - ġ  
Nitrogen 
Org-Ntotal g-N/g-TS 0.011 ± 0 0.03 ± 0.02 
Org-Nsoluble g-N/g-TS    0.01 ± 0.01 
NH4+-N g-N/g-TS ġ - ġ  0 ± 0 
COD 
total g/g-TS 1.16 ± 0.04 1.53 ± 0.3 
solid g/g-TS 1.02 ± 0.04 1.02 ± 0.32 
soluble g/g-TS 0.13 ± 0.01 0.51 ± 0.06 
Carbon TOC solid g-C/g-TS 0.55 ± 0.02 0.75 ± 0.05 
VFAs 
HLa g/g-TS  -  0.06 ± 0.02 
HFo g/g-TS  -  N.D. 
HAc g/g-TS  -  0.02 ± 0 
HPr g/g-TS  -  N.D. 
HBu g/g-TS ġ - ġ  N.D. 
TVS/TS 0.91 ± 0.04 0.94 ± 0.01 
VSS/SS  -  0.96 ± 0.01 
C/N 53 ± 12 46 ± 33 
COD/TOC 2.1 ± 0.1 2.1 ± 0.4 
 
Though the population of fungi decreased during the maturing phase, endo-E-1-4-glucanase(CMCase) 
activity increased in tank 5 to tank 6 greatly. The CMCase activity can achieved 0.8 to 1.4 U/g TS in the 
maturing phase. Scanning electron microscope was adopted to monitor the morphology of microbes in 
each tank. Very diverse morphologies were observed in each tank. Because there was a higher CMCase 
activity and more diverse fungal population in tank 5 and 6, compost taken from tank1 to tank 6 were 
mixed together as inoculum in ABLB. 
2.3. Aerobic Bio-Leaching Bed(ABLB) configuration 
The aerobic bio-leaching bed used in this study was made of 5 thin layers of packing containers and a 
leachate mixing and recirculating tank. Each layer contained its air supply pipe and leachate flow through 
route. The schematic diagram was shown in Fig. 1. Humid air was pumped into the ABLB from the 
bottom layer and flowed through each layer to the top layer. Air flow rate was control at 55L/min for 30 
min every hour. The temperature was controlled at 25~30 oC. Leachate was prepared and the pH of 
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leachate was controlled at 7.0 and pumped from the top layer through the bottom layer. The air and 
leachate flow was in a counter-flow direction. 
 
 
Fig. 1 Schematic diagram and photo of Aerobic Bio-Leaching Bed(ABLB). 
2.4. Water quality analyses 
Water quality analyses were conducted according to the procedures described in the Standard Method 
20th edition[11]. The carbohydrate was determined by phenol-sulfuric method[12]. The volatile fatty acids 
(VFAs) were determined using an ion chromatography(Dionex DX-120, California, USA) and 25 micro 
litter sample was injected and eluted through an anion IonPac ICE-ASI column with AMMA-ICE II 
suppressor and a conductivity detector.  
2.5. Fungal diversity analyses 
Denaturant gradient gel electrophoresis(DGGE) was performed to illustrate the fungal diversity in the 
ABLB system. For the DGGE profile analysis, nested PCR amplification was performed using the primer 
set of NS1(5’-GTA GTC ATA TGC TTG TCT C-3’) [13] and FR1 [14] for the first PCR of 18S rRNA 
gene. The nested PCR primer set of FF390(5’-CGA TAA CGA ACG AGA CCT-3’) and FR1gc(5’-CCC 
CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GCC GAI CCA TTC AAT CGG TAIT-
3’) were used for the nested PCR amplification.  The amplified PCR fragments were analyzed by the 
DCodeTM Universal Mutation Detection System (BioRad, Hercules, CA, USA) as described 
previously[15].  The denaturing gel was prepared using 7.5% (w/v) acrylamide/bisacrylamide (37.5:1) 
with gradients ranging from 45-60%. DGGE fingerprint was generated by applying a constant voltage of 
50 V in 65oC 1ØTAE buffer for 18 hours.  
3. Results and Discussions 
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An aerobic bio-leaching bed was constructed and fed with napiergrass as the main substrate. The main 
idea was to adopt aerobic fungi to partially hydrolyze napiergrass and elute soluble organic carbon for 
further biohydrogen production. In our preliminary study, increasing the flushing frequency of the 
leachate is more effective than increasing the flushing volume to accumulate soluble COD in the leachate. 
As a result, the operational parameters of ABLB were focus on the flushing leachate frequency and the 
contact duration of leachate and packed substrate. 
 
Table 2 showed the operational parameters of ABLB. Leachate pH was controlled at 7 with an auto 
alkalinity supplying pump. Humid air flow was supplied under 0.6 vvm to maintain aerobic condition and 
under room temperature between 25 to 30 oC for about 30 days depending on the leachate COD 
concentration. 5 portions of napiergrass(NG) and 1 portion of kitchen waste(KW) were mixed with 3 
portions of kitchen waste composte(KWC) in dry weight basis as the packing stock in each layer in ABLB 
in Run 1. Extra napiergrass compost (NGC) was supplied to enhance the cellulolytic performance in Run 
2 and Run 3. Accordingly, the F/M ratio was 2 in Run 1 and 1 in Run 2 and Run 3.  
 
The operation condition was mainly different in leachate flow mode. In Run 1 the leachate was 
operated in once flow through mode, which the leachate flow through each layer of ABLB only once in 
each day. The next day new flush water was prepared and flow through each layer again. Contact time 
indicated the duration to make flushing water flowing through all 5 layers in ABLB.  
 
In Run 2, the leachate was prepare every day and recirculated 7 times through each layer in each day. 
In Run 3, the leachate was recirculated 5 times through each layer in each day and leachate renewing 
frequency was decreased to 0.1 times/day to increase the hydraulic retention time. In this section, the 
performance of ABLB was illustrated with the characteristics of leachate, microbial activity and diversity 
in the ABLB and the hydrogen production potential of leachate. 
 
Table 2 Operational parameters of ABLB under different leaching condition.( The leaching contact time was calculated by the 
summation of the time needed to flow through all the 5 layers of ABLB and the time needed to pump the leaching from the storage 
tank to the first layer of ABLB. Under different leaching condition, the time needed for leachate to flow through each layer was 
different) 
Parameters Unit Run 1 Run 2 Run 3 
Substrate     
    Kitchen Waste(KW) kg-dry KW 0.5 (0.1 kg-dry KW/layer) 
    Napiergrass(NG) kg-dry NG 2.5 (0.5 kg-dry NG/layer) 
Inoculum kg-dry compost 1.5 (KWC) 1.5(KWC) + 1.5 (NGC) 
F/M - 2 1 1 
Leaching operation     
     frequency times/day 1 7 5 
     submerged time min/layer 5 15 15 
  Contact time hr/time 2.2 3 4.25 
  Renewing frequency times/day 1 1 0.1 
Hydraulic Retention Time day 0.09 0.88 8.85 
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Fig. 2 Leachate compositions from the ABLB operated at different leaching condition, based on COD equivalence. (A)Run 1 
(B)Run 2 (C)Run 3. 
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3.1. Performance evaluation on aerobic bio-leaching bed 
In this study, the water quality of leachate was evaluated in terms of COD, TOC and composition like 
carbohydrates, organic nitrogen etc. Though the substrates used in ABLB were mixed with the same 
proportion with kitchen waste and napiergrass, the characteristics were still fluctuated because of the 
kitchen waste with high variation in not only compositions but also quality. The leachate compositions 
were shown in terms of COD basis in Fig. 2. As the leaching frequency increased from 1 time/day to 7 
times/day, the amount of COD in the leachate decreased, which might result from the microbial utilization 
of soluble substrates in the leachate if the leachate was recirculated and contact with packing stock for a 
longer period. The portion of other COD in the leachate may contribute from the lignin and unknown 
complex substrate other than proteins and carbohydrates. The total amount of other COD and proteins was 
up to 80% of total COD in all leaching conditions. Only less than 20% COD were contributed from total 
carbohydrates in the leachate. As the HRT increased from 0.09 to 0.88 day, the proportion of carbohydrate 
in the leachate decreased from about 20% to less than 10%. On the other hand, the protein increased from 
35~50% in Run 1 to up to 90% in Run 2.  
In Run 3, the leachate was recirculated for 5 times in each day and lasted for the next 10 days. As a 
result, the hydraulic retention time was longer than Run 1 and Run 2. The leachate profile at day 26 in 
Run 1 was similar to day 14 in Run 2. The COD were mainly contributed from protein in these 2 samples. 
Because the leachate in Run 1 was once flow through the packing stock, the components in the leachate 
can be considered as molecules can be eluted by the leachate. In Run 2, the leachate was recirculated for 7 
times each day, which may facilitate the microbial activity in Run 2 because of the longer contact time 
with the leachate. These proteins in the leachate may contain hydrolysis enzymes though the total 
cellulase activity was much higher in the packing stock (0.8 U/g-dry solid) than in the leachate (0.05 
U/mL). Even though the total cellulase was higher in the packing stock, increasing the leaching frequency 
may make an environment that suitable for aerobic microbial growth. The total heterotrophic bacteria was 
higher than 1010 and total heterotrophic fungi was higher than 107 during 27 days operation period, which 
was higher than that without leachate circulation. When the cellulose degradation with different leachate 
hydraulic retention time were compared, cellulose degradation was increased when the leachate retention 
time was longer, as illustrated in Fig. 3.  
 
Fig. 3 Cellulose conversion percentage at different leachate HRT. 
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3.2. Aerobic microbial activity and fungal diversity in ABLB 
Aerobic microbial activity was monitored by carbondioxide production rate. In Run 1, total CO2 
production rate in the ABLB dwindled after inoculum from 150 ppm/hr to 20ppm/hr. The CO2 
accumulation in Run 1, Run 2 and Run 3 for the first 12 days was 1.4, 1.6, and 2.5 L respectively.  This 
result also indicated that increasing of leachate contacting time with packing stock can improve the 
microbial activity in the ABLB. Cellulase activity was mainly remained on the packing stock. 
 
Fig. 4 DGGE profiles of 18s rDNA gene fragment for PCR amplified of nucleic acid from various residue solid in ABLB. 7.5 % 
acrylamide/bisacrylamide(37.5:1) gel was prepared and electrophoresed under 50 Volts at 58 oC for 18hrs. M: markers form 
collected cloning library, I: makers form fungal isolates, M’: mixture of M and I. 
 
As for the diversity of fungi in ABLB, DGGE was adopted to elucidate the fungal population dynamics 
under different operation condition. The DGGE profile was shown in Fig. 4. The columns were listed 
chronically from left to right in each Run. In Run 1, Candida was the most dominated fungi during the 
operation period, and Fusarium sp. and Rhizopus oryzae appeared after 7 day in Run 1. (2nd row from the 
left) Fusarium sp. became dominated till the end of Run 1. In Run 2, the Cadida and Fusarium sp. were 
also the most dominated genus but Trichoderma can be detected during Run 2. In order to decrease the 
effect of leachate dilution and microbial wash out, an independent test was conducted without flushing 
and the microbial activity and fungal diversity were also compared with Run 1 and Run 2. From Fig. 4 
Chaetomium sp., Aspergillus, Saccobolus, and many other unknown eukaryocytic species can be 
monitored, which indicated that the flushing operation was a selective factor to remain specific fungi in 
ABLB. However, we can take advantage of this operation to maintain functional fungi in the system. To 
take Run 2 for example, Trichoderma, which was identified to be a super cellulase producer can be 
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monitored sooner at day 7 in Run 2. Although the present study operated ABLB to enhance fungal 
growth, aerobic bacteria may still grow lushly during the ABLB operation and contributed for cellulose 
degradation. As a result, the relationship of operational condition and dominated fungal or bacterial 
species still needs further study to identify the main contributor in ABLB. 
 
4. Conclusions 
A 5-layer aerobic bio-leaching bed with 88 L working volume was constructed and operated under 
different flushing conditions to enhance fungal growth and conversion of cellulosic materials. Kitchen 
waste and chopped napiergrass were mixed with kitchen waste compost and packed in the ABLB. The 
leachate mainly contained organic protein and unknown molecules. During ABLB operation, the portion 
of protein in the leachate decreased gradually and increasing the leachate hydraulic retention time can 
make protein decrease sooner. The C/N ratio in this study was at 26~33, which was suitable for fungal 
growth. However, when leachate flushed through each layer, the leachate can elute much more protein 
than carbohydrate, which had changed the prepared substrate composition. As a result, if ABLB were 
operated under once flow through condition, the protein was eluted by the leachate and limited the growth 
of fungi. From this point of view, this may be the reason why the cellulose degradation efficiency was 
higher when the leachate hydraulic retention time was increased. DGGE fingerprint also showed that the 
flushing operation may elute crucial growth factor that can select specific fungi in ABLB. The most 
sensitive genus on flushing selection were identified Chaetomium sp., Aspergillus, and Saccobolus but 
still many other genus can’t be identified in this study. Cellulose degradation can be improved to 66% 
with leachate recirculation at hydraulic retention time was 8.85 days. Nevertheless, the interaction 
between functional fungal diversity and the operational parameters of ABLB is still not clerar and future 
research is therefore necessary to examine with certainty how to sustain cellulose conversion in ABLB. 
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